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SURFACE-TREATED METAL PLATE AND 
METAL SURFACE TREATING FLUID 

TECHNICAL FIELD 

The present invention relates to a surface treated metal 
sheet and a treatment solution therefor and, especially, it 
relates to a surface treated metal sheet With excellent cor 
rosion resistance and having a coating layer containing 
absolutely no hexavalent chromium, and to a treatment 
solution for the same. 

BACKGROUND ART 

Rust-proof properties have conventionally been imparted 
to cold-rolled steel sheets, galvaniZed steel sheets, Zinc 
based alloy-plated steel sheets and aluminum-plated steel 
sheets used for automobiles, electrical appliances, building 
materials and the like, usually by coating their surfaces With 
chromate layers. Chromating treatment includes electrolytic 
chromating and application chromating. Electrolytic chro 
mating is accomplished, for example, by using a bath 
composed mainly of chromic acid and also containing other 
anions such as sulfate, phosphate, borate and halogens, for 
treatment of the metal sheet by cathodic electrolytic treat 
ment. Application chromating is designed in consideration 
of the problem of elution of chromium from chromated 
metal sheets, and it thus involves preparation of a treatment 
solution by adding an inorganic colloid or inorganic anion to 
a solution With a portion of the hexavalent chromium portion 
reduced to trivalent chromium beforehand or to a solution 
With a speci?ed ratio of hexavalent chromium to trivalent 
chromium, and immersing the metal sheet therein or spray 
ing the metal sheet With the treatment solution. 
Of such chromate layers, those chromate layers formed by 

electrolysis cannot be said to have sufficient corrosion 
resistance despite the loW elution of hexavalent chromium, 
and there is particular loss of corrosion resistance in cases 
Where considerable layer damage occurs during Working, 
etc. On the other hand, While metal sheets coated With 
application chromated layers have high corrosion resistance 
and especially high excellent corrosion resistance of Worked 
sections, elution of hexavalent chromium from the chromate 
layers has been a problem. Elution of hexavalent chromium 
can be considerably reduced by coating With organic 
polymers, but this is still inadequate. Although an improve 
ment in reducing elution of hexavalent chromium can gen 
erally be achieved by a method knoWn as resin chromating 
treatment, such as disclosed in Japanese Unexamined Patent 
Publication No. 5 —230666, it is still impossible to avoid trace 
elution. 

Thus, in order to completely inhibit elution of hexavalent 
chromium it is necessary to develop a corrosion-resistant 
layer that uses absolutely no hexavalent chromium but has 
functions equivalent to conventional chromate layers con 
taining hexavalent chromium. 

One previous anti-corrosion technique for incorporating 
absolutely no hexavalent chromium is a method under 
development Which uses an organic-based corrosion inhibi 
tor. As such organic-based corrosion inhibitors there are 
knoWn carboxylates such as benZoates, aZelates, etc. and 
compounds containing —S—, —N— Which readily interact 
With metal ions, as Well as complexes thereof. 
As techniques for including organic-based corrosion 

inhibitors in layers there have been proposed, for example, 
the hydrooxime complex of Zinc disclosed in Japanese 
Unexamined Patent Publication No. 62-23989, the metal 
chelate compounds of Mg, Ca, Ba, Zn, Al, Ti, Zr, Sn, Ni, etc. 
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2 
disclosed in Japanese Unexamined Patent Publication No. 
3-183790 and Japanese Unexamined Patent Publication No. 
2-222556, the alkali earth metal salts, transition metal salts 
and transition metal complexes of organic compounds dis 
closed in Japanese Unexamined Patent Publication No. 
6-321851, and the titanium and Zirconium complexes of 
carboxylic acids disclosed in Japanese Unexamined Patent 
Publication No. 8-48916. These corrosion inhibitors, 
hoWever, have Weak anti-corrosion effects due to the metal 
elements forming the complexes and thus have failed to 
provide the same function as hexavalent chromium. In 
particular, almost no corrosion resistance can be expected at 
damaged sections or at the locations of layer defects pro 
duced during Working. 

Japanese Unexamined Patent Publication No. 7-188951 
discloses a rare earth metal-organic chelate compound for 
the purpose of inhibiting corrosion of metals that contact 
solutions, such as radiators or pipes. This corrosion inhibitor 
Was designed as a Water-soluble compound, to alloW con 
tinuous provision of the corrosion inhibitor to corrosion sites 
by circulation of the solution. Consequently, although the 
strong anti-corrosion effect of the rare earth metal element is 
utiliZed, With layers on metal sheets Wherein the absolute 
amount of corrosion inhibitor onto the corrosion sites is 
limited by the coating coverage, elution occurs out of the 
layer in humid atmospheres so that long-term corrosion 
resistance comparable to chromate layers cannot be 
achieved. 

DISCLOSURE OF THE INVENTION 

In light of these problems, it is an object of the present 
invention to provide a surface treated metal sheet that has 
excellent corrosion resistance, particularly When the layer 
undergoes damage due to Working or damage and Which can 
substitute for a chromate layer, as Well as a treatment 
solution therefor. 

As a result of much diligent research by the present 
inventors in designing general purpose chemical treatment 
layers for use in systems containing absolutely no hexava 
lent chromium in place of the existing chromating treatment, 
and for the purpose of solving the problems mentioned 
above, it has been found that corrosion of a metal sheet can 
be effectively inhibited by using a rare earth metal element 
as a complex and/or salt With an organic compound for 
mixed dispersion in a layer on the metal sheet. As mentioned 
above, the prior art techniques are limited to Water-soluble 
types Wherein a complex of a rare earth metal element is 
used by being added to circulated Water or the like, and no 
long-term corrosion resistance can be expected even When it 
is mixed in that form into a layer formed on a metal sheet. 
The present invention employs a rare earth metal element 
having a poWerful anti-corrosion effect as a complex and/or 
salt of an organic compound to minimiZe the chemical 
interaction betWeen the layer matrix component and other 
additives, While the structure of the matrix component is 
designed based on the solubility of the rare earth metal 
element as a complex and/or salt of an organic compound in 
Water in the neutral range, thereby effectively bringing out 
the original functions of the components making up the 
layer. 

In particular, for applicability to various different matrix 
components, it is designed such that the rare earth metal 
complex and/or salt is poorly Water soluble in the neutral 
range so that elution out of the layer is inhibited to provide 
long-term corrosion resistance. It Was found that if the rare 
earth metal complex and/or salt is designed to be Water 
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soluble in the acidic range, the rare earth metal complex 
and/or salt Will dissolve in response to pH drops at the sites 
Where corrosion has occurred, so that a function is imparted 
Which selectively repairs the corroding sections, such as 
Worked sections or damaged sections. 

In addition, by selecting the type of functional groups of 
the organic compound forming the complex and/or salt, a 
corrosion inhibiting function is imparted to the organic 
compound itself, thus reinforcing the anti-corrosion perfor 
mance of the layer as a Whole. 

The gist of the present invention is as folloWs. 
(1) A surface treated metal sheet characteriZed by being 

coated With a layer comprising, as main components, a 
complex and/or salt betWeen a rare earth metal element and 
an organic compound having in the molecule one or more 
functional groups selected from among —O—, =0, —OH, 
—COOH, —NH2, =NH, =N—, —SH, —SO3H and phos 
phoric groups, and a matrix capable of physically holding 
said complex and/or salt and having adhesive poWer for 
metal sheets. 

(2) A surface treated metal sheet according to (1) above, 
characteriZed in that the solubility of the complex and/or salt 
in Water at pH 6—7 is no greater than 0.01 mol/l based on the 
rare earth metal element. 

(3) A surface treated metal sheet according to (1) or (2) 
above, characteriZed in that the solubility of the complex 
and/or salt in Water at pH 3 and beloW is at least 0.1 mol/l 
based on the rare earth metal element. 

(4) A surface treated metal sheet according to (1) to (3) 
above, characteriZed in that the rare earth metal element is 
a lanthanoid and/or yttrium. 

(5) A surface treated metal sheet according to (1) to (4) 
above, characteriZed in that the organic compound forming 
the complex and/or salt is an organic compound including in 
the molecule one or more basic functional groups selected 

from among —NH2, =NH and =N—, and one or more 
functional groups selected from among —O—, =0, —SH, 
—OH, —COOH, —SO3H and phosphoric groups. 

(6) A surface treated metal sheet according to (1) to (5) 
above, characteriZed in that the solubility of the organic 
compound forming the complex and/or salt in Water at pH 
6—7 is no greater than 0.01 mol/l. 

(7) A surface treated metal sheet according to (1) to (6) 
above, characteriZed in that the matrix is a resin. 

(8) A surface treated metal sheet according to (1) to (6) 
above, characteriZed in that the matrix is ortho-phosphoric 
acid and/or polyphosphoric acid. 

(9) A surface treated metal sheet according to (1) to (6) 
above, characteriZed in that the matrix is an oxyacid com 
pound or hydrogen oxyacid compound of a rare earth metal 
element, or a mixture thereof. 

(10) A surface treated metal sheet according to (9) above, 
characteriZed in that the matrix is a phosphoric acid com 
pound or hydrogen phosphoric acid compound of yttrium, 
lanthanum and/or cerium, or a mixture thereof. 

(11) A surface treated metal sheet according to (1) to (6) 
above, characteriZed in that the matrix is an inorganic 
colloid. 

(12) A metal surface treatment solution characteriZed by 
comprising, as main components, a complex and/or salt 
betWeen an organic compound having in the molecule one or 
more functional groups selected from among —O—, =0, 
—OH, —COOH, —NH2, =NH, =N—, —SH, —SO3H 
and phosphoric groups and a rare earth metal element, and 
a layer matrix-forming component. 
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4 
(13) A metal surface treatment solution according to (12) 

above, characteriZed in that the solubility of the complex 
and/or salt in Water at pH 6—7 is no greater than 0.01 mol/l 
based on the rare earth metal element. 

(14) A metal surface treatment solution according to (12) 
or (13) above, characteriZed in that the solubility of the 
complex and/or salt in Water at pH 3 and beloW is at least 0.1 
mol/l based on the rare earth metal element. 

(15) A metal surface treatment solution according to (12) 
to (14) above, characteriZed in that the rare earth metal 
element is a lanthanoid and/or yttrium. 

(16) A metal surface treatment solution according to (12) 
to (15) above, characteriZed in that the organic compound 
forming the complex and/or salt is an organic compound 
including in the molecule one or more basic functional 
groups selected from among —NH2, =NH and =N—, and 
one or more functional groups selected from among —O—, 

=0, —SH, —OH, —COOH, —SO3H and phosphoric 
groups. 

(17) A metal surface treatment solution according to (12) 
to (16) above, characteriZed in that the solubility of the 
organic compound forming the complex and/or salt in Water 
at pH 6—7 is no greater than 0.01 mol/l. 

(18) A metal surface treatment solution according to (12) 
to (17) above, characteriZed in that the matrix is a resin. 

(19) A metal surface treatment solution according to (12) 
to (17) above, characteriZed in that the matrix is ortho 
phosphoric acid and/or polyphosphoric acid. 

(20) A metal surface treatment solution according to (12) 
to (17) above, characteriZed in that the matrix is an oxyacid 
compound or hydrogen oxyacid compound of a rare earth 
metal element, or a mixture thereof. 

(21) A metal surface treatment solution according to (20) 
above, characteriZed in that the matrix is a phosphoric acid 
compound or hydrogen phosphoric acid compound of 
yttrium, lanthanum and/or cerium, or a mixture thereof. 

(22) A metal surface treatment solution according to (12) 
to (17) above, characteriZed in that the matrix is an inorganic 
colloid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross-sectional vieW of a surface 
treated metal sheet according to the invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention Will noW be explained in greater 
detail. 

As mentioned above, the complex and/or salt of the 
organic compound and rare earth metal element used for the 
invention is not restricted, but it has been developed as a rare 
earth element compound that is poorly soluble in Water in 
the neutral range and is soluble in Water in the acidic range, 
and in order to achieve this object it is generally preferred 
for the rare earth metal element to be complexed With 
speci?c organic compounds; hoWever, the same object can 
be achieved With a salt of the rare earth metal element and 
a speci?c organic compound. For simplicity of terms, the 
complex and/or salt of the organic compound and rare earth 
metal element used for the invention Will hereunder be 
referred to as “rare earth metal complex”. 

Rare earth metal elements have anti-corrosion functions, 
although the mechanism thereof is not clear. Any rare earth 
metal element may be used in the rare earth metal complex 
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(i.e. the complex and/or salt of the organic compound and 
rare earth metal element) used for the invention, and there 
are no particular restrictions on the valency of the rare earth 
metal at the time the rare earth metal complex is formed. 
Lanthanoids and/or yttrium are preferred from the stand 
point of ease of handling, While from an economical 
standpoint, lanthanum or cerium is preferred, and tetravalent 
cerium Which also has oxidizing poWer is even more pre 
ferred. 

The organic compound forming the rare earth metal 
complex used for the invention need only be one that can 
exist stably as a rare earth metal complex in the treatment 
solution and in the layer, and it can effectively bring out the 
anti-corrosion function of the rare earth metal in corrosive 
environments. Speci?cally, it is preferred to be an organic 
compound having in the molecule one or more functional 
groups selected from among —O—, =0, —OH, —COOH, 
—NH2, =NH, =N—, —SH, —SO3H and phosphoric 
groups. Including these functional groups in the molecule 
Will form a rare earth metal complex in the treatment 
solution and layer, thus stabiliZing them and inhibiting the 
interaction betWeen the matrix components and additives. 
This makes it possible to more effectively bring out the 
anti-corrosion function of the rare earth metal. In the case of 
a complex, there is no problem if it also contains an 
inorganic compound as a ligand in addition to the organic 
compound. As examples of such inorganic compounds there 
may be mentioned phosphoric compounds such as H3PO4, 
H2PO4_, HPO42_, PO43‘, etc., sulfuric compounds such as 
H2SO4, HSO4_, SO42“, etc., nitric compounds such as 
HNO3, N03‘, etc., H2O, OH‘, and the like. 

The rare earth metal complex used for the invention is 
preferably one that is poorly soluble in the neutral range, in 
order to impart long-term corrosion resistance in general 
use. 

Speci?cally, the solubility of the rare earth metal complex 
in Water at pH 6—7 is preferably no greater than 0.01 mol/l 
based on the rare earth metal element. If the solubility at pH 
5—8 is no greater than 0.01 mol/l based on the rare earth 
metal element, as is more preferred, it Will be possible to 
further maintain long-term corrosion resistance. 

If the solubility in Water at pH 6—7 is greater than 0.01 
mol/l, the rare earth metal complex Will readily elute from 
the layer in humid environments including rainWater and 
deW, so that the long-term anti-corrosion performance in 
humid environments Will be reduced unless the structure of 
the matrix components is modi?ed. In the case of a rare earth 
metal complex having a solubility in Water at pH 6—7 
exceeding 0.01 mol/l, the corrosion resistance can be main 
tained over long periods if the matrix structure is selected 
from non-Water-soluble copolymer resins, telechelic resins, 
core/shell-type emulsion resins, non-Water-soluble curable 
resins and oxyacid compounds of rare earth metal elements. 
Non-Water-soluble copolymer resins, telechelic resins and 
core/shell-type emulsion resins have a molecular skeleton 
that exhibits high af?nity for Water and attaches to metal 
surfaces by adsorption, hydrogen bonding, etc. With the 
remainder a construction having a molecular skeleton With 
no af?nity for Water, as described beloW. Non-Water-soluble 
curable resins are formed during the treatment layer forma 
tion by curing the coating material Which includes Water 
soluble resin and closslinking agents. 
When using a poorly Water-soluble rare earth metal 

complex, the anti-corrosion performance can be further 
improved by using colloid or micelle ?ne particles. The siZe 
of the colloid or micelle ?ne particles in this case must be 
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6 
suf?ciently small With respect to the layer thickness. If the 
particle siZe is too large for incorporation into the matrix 
composing the layer, then most of the rare earth metal 
complex Will be exposed on the layer surface, resulting in 
gradual loss of the rare earth metal complex out of the layer 
as the characteristic solution equilibrium of the substance is 
maintained over the long term in humid environments. 
When the layer is Worked, the presence of large particles in 
the layer Will cause peeling at the interface With the matrix, 
thus notably reducing the coating property of the layer. 
Consequently, if the colloid particles are too large it Will not 
be possible to maintain the steel sheet performance, includ 
ing long-term corrosion resistance of the ?at sheets and 
Worked sections. In other Words, to maintain long-term 
corrosion resistance it is necessary for the siZe of the colloid 
or micelle particles to be suf?ciently small With respect to 
the layer thickness, for incorporation into the layer matrix. 
Considering the layer thickness required for environments in 
Which the surface treated metal sheet of the invention is to 
be used, the mean particle siZe of the colloids or micelles is 
preferably no greater than 1 pm, more preferably no greater 
than 0.5 pm and even more preferably no greater than 0.3 
pm. 

In order to impart corrosion resistance to Worked sections 
and damaged sections When the solubility is poor in the 
neutral range, a rare earth metal complex Which is Water 
soluble in the acidic range is preferred. Speci?cally, it is 
preferred for the solubility of the rare earth metal complex 
at pH 3 and beloW to be at least 0.1 mol/l based on the rare 
earth metal element. If it is at least 0.1 mol/l the rare earth 
metal complex Will dissolve in response to loWer pH result 
ing from corrosion reaction at sites of corrosion, thus 
making it possible to impart a selective repair function for 
corroding sections, such as Worked sections or injured 
sections. At less than 0.1 mol/l the rare earth metal complex 
Will be insufficiently supplied to the sites of corrosion When 
the layer is damaged by severe Working or is exposed to very 
severe corroding environments, thus reducing the corrosion 
resistance. 

Furthermore, by using an organic compound having in the 
molecule one or more basic functional groups selected from 
among —NH2, =NH and =N— and one or more func 
tional groups selected from among —O—, =0, —OH, 
—COOH, —SH, —SO3H and phosphoric groups, it is 
possible to impart a corrosion-inhibiting effect to the organic 
compound itself to thus reinforce the anti-corrosion perfor 
mance. More preferably, it is an organic compound having 
in the molecule one or more basic functional groups selected 
from among —NH2, =NH and =N— and tWo or more 
functional groups selected from among —O—, =0, —OH, 
—COOH, —SH, —SO3H and phosphoric groups. Since 
such an organic compound adheres to metal surfaces, it can 
effectively supply the rare earth metal to the metal sheet 
surface and, even after dissociating from the rare earth metal 
element in the layer When corrosion proceeds, it forms a 
complex With the dissolved metal component of the metal 
sheet and precipitates, thus inhibiting further ioniZation of 
the metal sheet. 
The organic compound forming the aforementioned rare 

earth metal complex is preferably one that is poorly soluble 
in the neutral range, and this can be regulated by controlling 
the balance betWeen the amount of hydrophilic functional 
groups and the amount of hydrophobic skeletons. If the 
solubility in Water is no greater than 0.01 mol/l at pH 6—7, 
the organic compound Will be retained in the layer over long 
periods even after it has released and dissociated the rare 
earth metal in the layer, thus alloWing it to function as an 
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organic compound corrosion inhibitor. As preferred 
examples of such organic compounds there may be men 
tioned thioglycolic acid esters, N-substituted derivatives of 
2,5-dimethylpyrrole, 8-hydroxyquinoline derivatives, triaZ 
inethiol derivatives, mercaptocarboxylic acids, salicylic acid 
and thiosalicylic acid derivatives, sulfobenZoic acid 
derivatives, catechol derivatives, pyridine derivatives such 
as hydroxypyridine, nicotinic acid and mercaptonicotinic 
acid, organic phosphoric compounds such as di-(2 
ethylhexyl)phosphoric acid, 2-ethylhexyl-2-ethylhexyl 
phosphorous acid and bis(2,4,4-trimethylpentyl) phospho 
rous acid, and gallic acid ester derivatives, cyclodextrin, and 
the like. 

The rare earth metal complex used for the invention may 
be added for use as one type to the same layer, or it may be 
added for use as a plurality of rare earth metal complexes 
With different rare earth metal elements or organic com 
pounds. Addition of a plurality of rare earth metal complexes 
can provide adaptability to a Wider range of different cor 
roding environments, but in practical terms since the layer 
thickness must be restricted for the required properties 
including production cost and Weldability, the amount and 
type must therefore be optimiZed to limit the absolute 
amount of rare earth metal complex added to the layer per 
unit area. 

The amount of the rare earth metal complex included in 
the layer on the metal sheet cannot be strictly speci?ed since 
the required amount Will differ depending on the corrosion 
resistance of the layer matrix itself, but it is satisfactory at 
at least 1 mg/m2 based on the rare earth metal. At less than 
1 mg/m2 the effect of addition Will be inadequate and no 
improvement in corrosion resistance Will be seen in the 
layer. HoWever, the corrosion resistance-improving effect 
Will become saturated if added at over 10 g/m2, and there 
fore 10 g/m2 is suf?cient from economic considerations. The 
form of the rare earth metal complex present in the treatment 
solution Will depend on the solvent used and the pH, 
temperature and concentration, but a dissolved form or a 
colloid, micelle or emulsion form ?nely dispersed in the 
treatment solution is preferred. OtherWise, the dispersed 
state of the rare earth metal complex Will become non 
uniform during formation of the layer, thus tending to result 
in corrosion at locations Where the rare earth metal complex 
is present in smaller amounts. 

The layer matrix used for the invention is not particularly 
restricted so long as it is a material Which does not notably 
impair the stability of the rare earth metal complex, and 
Which physically holds the rare earth metal complex in the 
layer on the metal surface and attaches to the metal sheet. As 
preferred examples there may be mentioned resins, inor 
ganic colloids, phosphoric acid, polyphosphoric acid, meta 
phosphoric acid, and oxyacids or hydrogen oxyacids of the 
rare earth metal element. There is also no problem With 
using these in combinations. 
When a resin is used in the matrix, examples of common 

ones include acrylic, epoxy, ole?n and ionomer types, and 
the form may be appropriately selected from among Water 
soluble resins and Water-dispersed emulsion resins, latexes, 
and the like. 

As preferred resin structures there may be mentioned a 
non-Water-soluble copolymer resin and a telechelic resin or 
core/shell-type emulsion resin having a molecular skeleton 
that exhibits high af?nity for Water and attaches to metal 
surfaces by adsorption, hydrogen bonding, etc., With the 
remainder a construction having a molecular skeleton With 
no af?nity for Water, or a non-Water-soluble curable resin 

10 

15 

25 

35 

45 

55 

65 

8 
formed during the treatment layer formation by curing the 
coating material Which includes Water-soluble resin and 
closslinking agents. 
The reason that resins With this type of structure are 

preferred is that their skeletons have gas barrier properties, 
ion permeation resistance, coating adhesion properties, ?n 
gerprint resistance, adhesion to metal surface and Working 
properties, and exhibit their properties stably even in the 
form of layers. Especially When the rare earth metal complex 
is Water-soluble in the neutral range, a netWork of molecular 
skeletons With no af?nity for Water in the layer can provide 
an effect that inhibits elution of the rare earth metal complex 
out of the layer. Even When the rare earth metal complex is 
poorly Water-soluble in the neutral range, stable dispersion 
of the colloids or micelles of the rare earth metal complex is 
ensured, and the molecular skeleton portion With affinity for 
Water absorbs a trace amount of Water in corroding 
environments, thus acting as a site for dissolution and 
functioning of the rare earth metal complex. 

This type of resin structure is therefore preferred, and in 
the case of non-Water-soluble copolymer resins, the resin 
compositions are those of copolymer resins With vinyl-based 
or ole?n-based compounds as the monomers, Which are 
produced by solution, bulk, interfacial, suspension or emul 
sion polymeriZation methods. For example, it is a copolymer 
resin comprising a main skeleton of a polymer composed of 
a non-hydrated vinyl-based or ole?n-based monomer and 
having at both ends an organic polymer such as a vinyl 
based carboxylic acid, vinyl-based amine, vinyl-based sul 
fonic acid, vinyl-based alcohol, vinylphenol, vinyl-based 
phosphate, etc. With high af?nity for Water and metal sur 
faces; or a telechelic resin having a group With af?nity for 
Water or metal surfaces introduced at both ends using a chain 
transfer agent in the polymeriZation process for the non 
hydrated skeleton portion; or an emulsion resin having a 
polymer of a non-hydrated vinyl-based or ole?n-based 
monomer as the core phase and a polymer of a monomer 
With high affinity for Water or metal surfaces as the shell 
phase. 

For these copolymer resins, telechelic resins and core/ 
shell-type emulsion resins, it is preferred for the Weight ratio 
betWeen the skeleton portion With high af?nity for Water or 
metal surfaces and the non-hydrated skeleton portion to be 
higher to ensure adhesion With metal surfaces, but if it is too 
high the Water absorption Will increase, causing undesirable 
layer peeling due to Water sWelling, While if it is too loW the 
coating adhesion Will be undesirably impaired. The Weight 
ratio is therefore preferably adjusted betWeen 3/ 100—3/2, 
and even more preferably betWeen 1/20—1/ 1. There is no 
restriction to these resins, and there is no problem With using 
resins employed for other Water-dispersed coating materials. 

In the case of a Water-soluble resin, it is a polymer of a 
Water-soluble vinyl-based monomer, a Water-soluble resin 
composed of a polymer of a Water-soluble vinyl-based 
monomer, or a Water-soluble vinyl-based resin composed of 
a copolymer of a Water-soluble vinyl-based monomer and a 
non-Water-soluble vinyl based monomer, and has a skeleton 
that includes a crosslinkable functional group (unsaturated 
bond, etc.) so that crosslinking Will occur betWeen the high 
molecular complexes by the curing agent to render the resin 
non-Water-soluble. Apolar group-containing monomer may 
also be used as the Water-soluble vinyl-based monomer. 

The term “polar group” includes proton donor groups 
such as —COOH, —SO3H, —P(O) (OH)2, —OH, etc. and 
to salts and esters thereof, and proton acceptor groups such 
as —NH2, —NHR, —NRR‘ (Where R and R‘ are alkyl 
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groups or allyl groups), as Well as quaternary ammonium 
salt groups With ionic bonds and ambivalent polar groups 
including both proton donor and acceptor groups; vinyl 
based compounds Wherein these polar groups are introduced 
alone or in combinations may be used as monomers. As 
non-Water-soluble vinyl-based monomers there may be used 
one or more selected from among styrene, ot-methylstyrene, 
vinyltoluene, chlorostyrene, alkyl (meth)acrylates, allyl 
(meth)acrylates, etc. 

The amount of the non-Water-soluble vinyl-based poly 
mer skeleton is not particularly restricted since its introduc 
tion is carried out for the purpose of adjusting the total Water 
solubility of the polymer and adjusting the degree of 
crosslinking upon curing, but its introduction is preferably 
adjusted so that the solubility of the total polymer in Water 
is 5 Wt % or greater, and more preferably 10 Wt % or greater, 
at 25° C. and normal pressure. The polymer can be produced 
using any one or more of these monomers. There is also no 
problem With introducing the aforementioned functional 
groups into the non-Water-soluble polymer for Water 
solubiliZation. The crosslinking agent may be any com 
monly used amine, carboxylic acid, block isocyanate or the 
like, and urethane bonds, acid amide bonds, ester bonds or 
the like may be formed betWeen the high molecular com 
plexes for crosslinking to render it non-Water-soluble. 
When an inorganic colloid is used as the matrix, it may be 

a generally available commercial inorganic colloid such as 
silica, alumina, titania, ceria, etc. The oxyacid compound of 
the rare earth metal element encompasses compounds 
formed betWeen oxyacid anions such as phosphate ion, 
tungstate ion, vanadate ion, etc. and rare earth metal 
elements, and the hydrogen oxyacid compound encom 
passes compounds including hydrogen in a part of the 
cation. Because these oxyacid compounds and/or hydrogen 
oxyacid compounds form paste-like and probably non 
crystalline (amorphous) inorganic polymers, they have 
Working folloW-up properties even When formed into layers 
and can control corrosion due to their barrier effect, While 
excess oxyacid can form an oxyacid salt layer-type passive 
layer or an oxide layer-type passive layer, thus making it 
possible to obtain an inorganic-based corrosion resistance 
chemical treatment layer With even better anti-corrosion 
performance. 

The rare earth metal element may be lanthanum, cerium, 
or yttrium, and lanthanum is particularly suitable. Cerium is 
also effective for inhibiting cathodic reaction, and using 
tetravalent cerium Will further increase this effect. Suitable 
oxyacid compounds include phosphoric compounds and/or 
hydrogen phosphoric compounds, and the phosphoric acid 
type may be ortho-phosphoric acid, meta-phosphoric acid or 
polyphosphoric acid. Hydrogen polyphosphoric acid com 
pounds are especially preferred. 

The layer is in a paste form, and it is assumed that a 
non-crystalline (amorphous) inorganic polymer Will prob 
ably be formed. HoWever, crystalline particles may also be 
present among the non-crystals. 

In the layer of the oxyacid compound or hydrogen oxy 
acid compound of the rare earth metal element, or the 
mixture thereof, the molar ratio of rare earth metal element 
ions to oxyacid ions (in the case of hydrogen oxyacid 
compound, or in the case of a mixture containing one, it is 
based on oxyacid ions) is generally 0.5—100, preferably 
2—50 and more preferably 5—10. At less than 0.5 the Working 
folloW-up property Will not be sufficient, and at greater than 
100 the layer forming property Will be reduced. The source 
for the rare earth element is not particularly restricted, and 
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10 
rare earth element compounds such as oxides, acetates, 
carbonates, chlorides, ?uorides may be mentioned, With 
oxides being preferred. 
A layer (matrix) composed mainly of an oxyacid com 

pound or hydrogen oxyacid compound of a rare earth metal 
element, or a mixture thereof, is disclosed in PCT/JP96/ 
03670 (?ling date: Feb. 4, 1997). The contents thereof are 
incorporated by reference herein. 

There may also be added to the layer and treatment 
solution of the invention phosphoric acid or polyphosphoric 
acid as passivation layer-forming aids, or calcium 
hydroxide, calcium carbonate, calcium oxide, Zinc 
phosphate, potassium phosphate, calcium phosphate, lantha 
num phosphate, lanthanum hydrogen phosphate, cerium 
phosphate, cerium hydrogen phosphate, calcium silicate, 
Zirconium silicate, aluminum phosphate, Zirconium 
phosphate, TiO2, SiO2, A1203, La2O3, CeO2, etc. as addi 
tional additives. 

The treatment solution for formation of the layer of the 
invention basically comprises a rare earth metal complex, a 
matrix component and a solvent, and the concentration and 
pH of the treatment solution are not particularly restricted. 
The solvent can be selected from among any aqueous or 
volatile organic compounds. HoWever, aqueous types are 
preferred in consideration of the production environment. 

The layer thickness Will depend on the use and therefore 
cannot be restricted, but it is preferred to be at least 0.1 pm. 
It is more preferably at least 0.3 pm and even more prefer 
ably at least 0.5 pm. At smaller than 0.1 pm the corrosion 
resistance Will be insufficient. HoWever, since the improving 
effect on corrosion resistance is saturated if the layer thick 
ness is over 10 pm, it is sufficiently at less than 10 pm from 
an economical standpoint. 

Depending on the purpose, there is no problem With 
covering the layer of the invention With an overcoat layer 
composed of a resin, paint, inorganic substance or a mixture 
thereof. 

The metal sheet used as the object of the invention is not 
particularly restricted, and for example surface-treated steel 
sheets and cold-rolled steel sheets including hot-dipped 
plated steel sheets such as hot-dipped galvaniZed steel 
sheets, hot-dipped Zinc-iron alloy-plated steel sheets, hot 
dipped Zinc-aluminum alloy-plated steel sheets, hot-dipped 
Zinc-aluminum-magnesium alloy-plated steel sheets, hot 
dipped aluminum-silicon alloy-plated steel sheets and hot 
dipped lead-tin alloy-plated steel sheets; electroplated steel 
sheets such as electrogalvaniZed steel sheets, Zinc-nickel 
alloy-electroplated steel sheets, Zinc-iron alloy-electroplated 
steel sheets and Zinc-chromium alloy-electroplated steel 
sheets; as Well as Zinc, aluminum or magnesium metal 
sheets, etc. may be used. 

FIG. 1 shoWs an example of a surface treated metal sheet 
according to the invention. In this draWing, 1 is a steel sheet, 
2 is a Zinc plating layer, 3 is a surface treated layer 
containing a complex and/or salt of an organic compound 
and rare earth metal element according to the invention in a 
matrix, and 4 is an overcoat layer layer Which is optionally 
formed. 

EXAMPLES 

Rare Earth Metal Complexes and Salts 

(1) Catechol-rare earth metal complexes 
Yttrium nitrate, lanthanum nitrate, cerium (III) nitrate, 

ammonium cerium (IV) nitrate and neobium nitrate Were 
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each added to an aqueous solution of catechol (C6H4(OH)2) 
in an equimolar amount With respect to the catechol, and a 
stirrer Was used for stirring overnight to obtain a catechol 
rare earth metal complex colloid solution of each. The mean 
particle siZe of the catechol-cerium (IV) complex colloid 
Was 0.39 pm. 

(2) Tri?uoromethanesulfonic acid-rare earth metal salts 
Yttrium tri?ate (reagent: product of Aldrich Co.), lantha 

num tri?ate (reagent: product of Aldrich Co.), cerium tri?ate 
(reagent: product of Aldrich Co.) and neobium tri?ate 
(reagent: product of Aldrich Co.) Were used. 

(3) Di-(2-ethylhexyl)phosphoric acid-rare earth metal 
complexes 

Di-(2-ethylhexyl)phosphoric acid Was dissolved in 
acetone, and then aqueous solutions of yttrium nitrate, 
lanthanum nitrate, cerium (III) nitrate and neobium nitrate 
Were added thereto to obtain di-(2-ethylhexyl)phosphoric 
acid-rare earth metal complex emulsion solutions. 

(4) 2-hydroxypyridine-rare earth metal complexes A 
phosphoric solution of 2-hydroxypyridine Was prepared, and 
then yttrium nitrate, lanthanum nitrate, cerium (III) nitrate, 
ammonium cerium (IV) nitrate and neobium nitrate aqueous 
solutions Were each mixed thereWith and heated at 80° C. for 
3 hours to obtain phosphoric acid-containing 
2-hydroxypyridine-rare earth metal complexes. 

(5) 2-mercaptonicotinic acid-rare earth metal complexes 
A phosphoric solution of 2-mercaptonicotinic acid Was 

prepared, and then yttrium chloride, lanthanum chloride and 
cerium chloride aqueous solutions Were each mixed there 
With and heated at 80° C. for 3 hours to obtain phosphoric 
acid-containing 2-mecaptonicotinic acid-rare earth metal 
complexes. 

(6) 2-hydroxynicotinic acid-rare earth metal complexes 
With an aqueous solution of sodium 2-hydroxynicotinate 

there Were mixed aqueous solutions of yttrium nitrate, 
lanthanum nitrate, cerium (III) nitrate, ammonium cerium 
(IV) nitrate and neobium nitrate, to obtain 
2-hydroxynicotinic acid-rare earth metal complex colloids. 
The mixing speed Was varied during mixing of the ammo 
nium cerium (IV) nitrate aqueous solution, giving colloid 
solutions With mean particle siZes of 0.96 pm, 0.41 pm and 
0.18 pm. 

(7) y-cyclodextrin-rare earth metal complexes 
An aqueous solution of ammonium cerium (IV) nitrate 

Was added to an aqueous solution of y-cyclodextrin to obtain 
a y-cyclodextrin-rare earth metal complex aqueous solution. 

Table 1 shoWs the dissolution performance in Water for 
each of the above-mentioned rare earth metal complexes. 

TABLE 1 

Organic 
com 

Complex/ pound 
Rare salt solu 

Complex earth solubility bility 

No. metal Organic compound pH 6-7 épH 3 pH 6-7 

Y-OTf Y tri?uoromethane C C C 
sulfonic acid 

La-OTf La tri?uoromethane C C C 
sulfonic acid 

Ce(III)— Ce(III) tri?uoromethane C C C 
OTf sulfonic acid 
Nd-OTf Nd tri?uoromethane C C C 

sulfonic acid 
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TABLE 1-continued 

Organic 
com 

Complex/ pound 
Rare salt solu 

Complex earth solubility bility 

No. metal Organic compound pH 6-7 épH 3 pH 6-7 

Y-Cat Y catechol A B C 
La-Cat La catechol A B C 

Ce(III)— Ce(III) catechol A B C 
Cat 

Ce(IV)— Ce(IV) catechol A B C 
Cat 
Nd-Cat Nd catechol A B C 
Y-DEHPA Y di-(2-ethylhexyl) A A A 

phosphoric acid 
La-DEHPA La di-(2-ethylhexyl) A A A 

phosphoric acid 
Ce(III)— Ce(III) di-(2-ethylhexyl) A A A 
DEHPA phosphoric acid 
Nd-DEHPA Nd di-(2-ethylhexyl) A A A 

phosphoric acid 
Y-2HP Y 2-hydroxypyridine A C B 
La-2HP La 2-hydroxypyridine A C B 
Ce(III)— Ce(III) 2-hydroxypyridine A C B 
2HP 
Nd-2HP Nd 2-hydroxypyridine A C B 
Y-2MN Y 2-mercaptonicotinic A C A 

acid 
La-2MN La 2-mercaptonicotinic A C A 

acid 
Ce(III)— Ce(III) 2-mercaptonicotinic A C A 
2MN acid 
Y-2HN Y 2-hydroxynicotinic A C A 

acid 
La-2HN La 2-hydroxynicotinic A C A 

acid 
Ce(III)— Ce(III) 2-hydroxynicotinic A C A 
2HN acid 
Ce(IV)— Ce(IV) 2-hydroxynicotinic A C A 
2HN acid 
Nd-2HN Nd 2-hydroxynicotinic A C A 

acid 
Ce(IV)— Ce(IV) y-cyclodextrin C C C 
CyD 

Solubility: A: 0.01 mol/l or less, B: greater than 0.01 mol/l and less than 
0.1 mol/l, C: 0.1 mol/l or greater 

Layer Matrix 
(A) Acrylic emulsion 
A commercially available Water-dispersed acrylic emul 

sion resin (product of Japan Synthetic Rubber, resin solid 
portion=50 Wt %) Was used. 

(B) SBR latex 
A commercially available Water-dispersed SBR latex 

(product of Japan Synthetic Rubber, resin solid Weight=50 
Wt %) Was used. 

(C) Lanthanum phosphate 
Lanthanum oxide and polyphosphoric acid (products of 

ShoWa Chemical Co., average molecular Weight= 
approximately 338) Were thoroughly mixed at a proportion 
of 1/3 as the molar ratio of La/P and then heated at 150° C. 
for 12 hours. 

(D) Colloidal silica 
Commercially available colloidal silica (product of Nis 

san Chemical Co., solid portion=20 Wt %, pH 2) Was used. 
(E) Polyphosphoric acid 
Commercially available polyphosphoric acid (product of 

Wako Junyaku Kogyo Co., average molecular Weight=338) 
Was used. 

(F) Telechelic resins 
Mercaptopropionic acid, mercaptoethanol, etc. Were used 

as chain transfer agents in reaction processes for anionic 
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polymerization for poly(styrene/methyl methacrylate/n 
butyl methacrylate/n-butyl acrylate), to introduce alcoholic 
hydroxyl groups and carboxyl groups at both ends of acry 
late monomer copolymers. Using 5 parts by Weight of 
styrene, 5 parts by Weight of methyl methacrylate, 15 parts 
by Weight of n-butyl methacrylate and 75 parts by Weight of 
n-butyl acrylate as monomers, these Were charged into 500 
parts by Weight of the solvent tetrahydrofuran (THF), after 
Which 1.5 parts by Weight of 4,4‘-azobis(4-cyanopentanoic 
acid) Was added as a polymerization initiator and polymer 
ization Was carried out at 80° C. or beloW. 

(G) Core/shell-type emulsion resin 
A core/shell-type resin of styrene (5 parts by Weight) - 

methyl methacrylate (5 parts by Weight)-n-butyl methacry 
late (10 parts by Weight)-n-butyl acrylate (60 parts by 
Weight)-methacrylic acid (6 parts by Weight)-2 
hydroxyethyl acrylate (8 parts by Weight)-2-hydroxyethyl 
methacrylate (6 parts by Weight) Was prepared by emulsion 
polymerization. After charging 40 parts by Weight of total 
monomer at the charging ratios shoWn in parentheses into 60 
parts by Weight of deionized Water, there Were added 0.2 part 
by Weight of sodium dodecylbenzene sulfate as an emulsi 
fying agent and 0.2 part by Weight of ammonium persulfate 
as a catalyst, and an emulsion resin Was prepared by 
vigorous stirring at 70° C. 

(H) Water-soluble resin 
After charging 15 parts by Weight of 2-hydroxyethyl 

acrylate into 5 parts by Weight of deionized Water, 0.3 part 
by Weight of ammonium persulfate Was added as a catalyst 
and a Water-soluble resin Was prepared at 40° C. Separately, 
copolymers of 2-hydroxyethyl acrylate and acrylic acid and 
so on Were prepared by the same method. Also, by the 
method described in the example of preparation of copoly 
mer resins, copolymers of Water-soluble monomers and 
non-Water-soluble monomers, such as copolymers of 
2-hydroxyethyl acrylate and n-butyl acrylate, Were appro 
priately prepared in organic solvents and used by dissolution 
in Water after puri?cation. As curing agents there Were used 
crosslinking agents including dicarboxylic acids such as 
adipic acid and terephthalic acid; diamines such as ethyl 
enediamine and isocyanates such as polyoxyethylene diiso 
cyanate. 
Preparation of Treatment Solution 
A bath Was prepared by combining the aforementioned 

rare earth metal complex and layer matrix, With orthophos 
phoric acid or a cerium oxide sol solution (product of 
Johnson Mattey, 0.1 M/l nitric acid solution, solid portion: 
50 g/l, dispersed by nonionic surfactant) as an additive. For 
comparison there Was also prepared a bath With the layer 
matrix alone. The compositions of each prepared bath are 
shoWn in Tables 2 and 3. The prepared bath concentration 
Was consistently 10 g/l of the rare earth metal complex based 
on the rare earth metal, 100 g/l of the layer matrix based on 
the solid portion, 20 g/l of orthophosphoric acid based on 
H3PO4 and 5 g/l of the cerium oxide sol based on CeO2. 

TABLE 2 

Treatment solution compositions 

Mean 
particle 

No. Complex, salt size Layer matrix Additives 

Examples 

1 Y-OTf acrylic emulsion — 
2 La-OTf acrylic emulsion — 
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TABLE 2-continued 

Treatment solution compositions 

Mean 
particle 

No. Complex, salt size Layer matrix Additives 

3 Ce(III)-OTf acrylic emulsion — 
4 Ce(III)-OTf SBR latex — 

5 Ce(III)-OTf SBR latex CeO2 
6 Ce(III)-OTf lanthanum — 

phosphate 
7 Ce(III)-OTf colloidal silica — 
8 Ce(III)-OTf colloidal silica phosphoric 

acid 
9 Ce(III)-OTf telechelic resin — 

10 Ce(III)-OTf core/shell — 
emulsion resin 

11 Ce(III)-OTf Water-soluble — 
resin 

12 Nd-OTf acrylic emulsion — 
13 Y-Cat acrylic emulsion — 

14 La-Cat acrylic emulsion — 

15 La-Cat acrylic emulsion phosphoric 
acid 

16 La-Cat acrylic emulsion phosphoric 
acid, 
CeO2 

17 La-Cat SBR latex — 

18 La-Cat lanthanum — 

phosphate 
19 La-Cat lanthanum CeO2 

phosphate 
20 La-Cat colloidal silica — 

21 Ce(III)-Cat acrylic emulsion — 
22 Ce(IV)-Cat 0.39 [urn acrylic emulsion — 
23 Nd-Cat acrylic emulsion — 
24 Y-DEHPA acrylic emulsion — 

25 Y-DEHPA SBR latex — 

26 Y-DEHPA SBR latex phosphoric 
acid 

27 Y-DEHPA lanthanum — 

phosphate 
28 Y-DEHPA colloidal silica — 

29 La-DEHPA acrylic emulsion — 

30 Ce(III)-DEHPA acrylic emulsion — 
31 Nd-DEHPA acrylic emulsion — 

32 Y-2HP polyphosphoric — 

acid 
33 La-2HP acrylic emulsion — 

34 La-2HP SBR latex — 

35 La-2HP lanthanum — 

phosphate 
36 La-2HP colloidal silica — 

37 La-2HP colloidal silica phosphoric 
acid 

38 La-2HP colloidal silica CeO2 
39 Ce(III)-2HP acrylic emulsion — 
40 Nd-2HP acrylic emulsion — 
41 Y-2MN lanthanum — 

phosphate 
42 La-2MN lanthanum — 

phosphate 
43 Ce(III)-2MN lanthanum — 

phosphate 
44 Y-2HN acrylic emulsion — 

45 La-2HN polyphosphoric — 

acid 
46 La-2HN SBR latex — 

47 La-2HN lanthanum — 

phosphate 
48 La-2HN colloidal silica — 

49 Ce(III)-2HN acrylic emulsion — 
50 Ce(IV)-2HN 0.96 [urn acrylic emulsion — 
51 Ce(IV)-2HN 0.41 [urn acrylic emulsion — 
52 Ce(IV)-2HN 0.18 [urn acrylic emulsion — 
53 Ce(IV)-2HN 0.18 [urn telechelic resin — 

54 Ce(IV)-2HN 0.18 [urn core/shell — 
emulsion resin 

55 Ce(IV)-2HN 0.18 [urn Water-soluble — 
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TABLE 2-continued 

Treatment solution compositions 

Mean 
particle 

No. Complex, salt size Layer matrix Additives 

resin 
56 Ce(IV)-2HN 0.18 [um acrylic emulsion phosphoric 

acid 
57 Ce(IV)-2HN 0.18 [um acrylic emulsion phosphoric 

acid, 
CeO2 

58 Ce(IV)-2HN 0.18 [um SBR latex — 
59 Ce(IV)-2HN 0.18 [um lanthanum — 

phosphate 
60 Ce(IV)-2HN 0.18 [um colloidal silica — 
61 Nd-2HN acrylic emulsion — 

62 Ce(IV)-CyD telechelic resin — 

63 Ce(IV)-CyD core/shell — 
emulsion resin 

64 Ce(IV)-CyD Water-soluble — 

resin 

Comp. Exs. 

65 — acrylic emulsion — 

66 — SBR latex — 

67 — lanthanum — 

phosphate 
68 — colloidal silica — 

69 — telechelic resin — 

70 — core/shell — 

emulsion resin 
71 — Water-soluble — 

resin 
72 chromate layer 

Layer Formation Method 
Each of the above-mentioned treatment baths Was coated 

and dried onto a steel sheet to form a layer. The coverage 
onto the steel sheets Was consistently about 0.5 pm in terms 
of the layer thickness. The steel sheets used Were GI 
(hot-dipped galvanized steel sheets, plating coverage: 90 
g/m2), EG (electrogalvaniZed steel sheets, plating coverage: 
20 g/m2), SZ (hot-dipped Zinc-aluminum alloy-plated steel 
sheets, plating coverage: 90 g/m2, Zn/Al=95.2/4.8), AL 
(hot-dipped aluminum-silicon alloy-plated steel sheets, plat 
ing coverage: 120 g/m2, Al/Si=90/10) and CR (cold-rolled 
steel sheets). For comparison With chromate-treated steel 
sheets there Was prepared a bath of a treatment solution 
containing 30 g/l based on CrO3 of partially starch-reduced 
chromic acid, 40 g/l SiO2 and 20 g/l ortho-phosphoric acid 
as a chromating solution for coating and drying onto steel 
sheets to about 50 mg/m2 based on metallic chromium, to 
form layers. The coating Was accomplished using a bar 
coater, and drying Was carried out at an atmosphere tem 
perature of 200° C. for 30 seconds. 
Evaluation of Layer Performance 

(1) The ?at sheet corrosion resistance Was evaluated by 
the rust production rate after spraying the sample With 5% 
saltwater at 35° C. The spraying period Was 10 days for GI, 
EG and SZ, 15 days for AL, and 5 days for CR. GI, EG, SZ 
and AL Were evaluated by the White rust production rate, GR 
Was evaluated by the red rust production rate. Scale: (CD: No 
rust production 
0: Rust production of less than 5% 
A: Rust production of greater than 5%, less than 20% 
: Rust production of greater than 20% 
(2) After 7-mm Erichsen Working of the sample and 

spraying With 5% salt Water at 35° C., the Worked section 
corrosion resistance Was evaluated based on the area of rust 
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production. The spraying period Was 10 days for GI, EG and 
SZ and 15 days for AL for measurement of the White rust 
production rate, and 5 days for CR for measurement of the 
red rust production rate. Scale: (9: Rust production of 0% 

0: Rust production of less than 5% 

A: Rust production of greater than 5%, less than 20% 
: Rust production of greater than 20% 
(3) The coating adhesion Was evaluated by the rate of the 

coat peeling area in a cross cut test (tape peeling on 1 mm 
square cross cut to 10x10) after coating and baking a 
melamine-alkyd paint on the sample to a thickness of about 
20 pm and immersing it in boiling Water for 30 minutes. 
Scale: (CD: No peeling 
0: Peeling rate of less than 5% 
A: Peeling rate of greater than 5%, less than 20% 
: Peeling rate of greater than 20% The results of these 

performance tests are shoWn in Tables 4 and 5. As 
Tables 4 and 5 clearly shoW, the treatment layers 
containing rare earth metal complexes and/or salts 
according to the invention exhibit performance com 
parable to that of the chrornate layers of the compara 
tive examples. They therefore exhibit excellent perfor 
mance as chemical treatment layers that contain 
absolutely no hexavalent chromium. 

TABLE 3 

Metal sheet performance 

Corrosion 
resistance 

Metal Flat Worked Coating 
No. sheet sheet section adhesion 

Examples 

1 EG, GI A A A 
2 EG, GI A A A 
3 EG, GI A A A 

SZ 0 A x 

AL 0 A x 

CR A A A 
4 EG, GI A A x 
5 EG, GI A A A 
6 EG, GI 0 ® 0 
7 EG, GI A x A 
8 EG, GI O X A 

9 EG, GI o-A o-A A 
10 EG, GI o o-A o-A 
11 EG, GI A o-A A 
12 EG, GI A x A 
13 EG, GI o x A 
14 EG, GI o x A 
15 EG, GI O A X 
16 EG, GI o A A 
17 EG, GI o A A 
1:; EG, GI (CD-O O O 
19 EG, GI @ (CD-O O 
20 EG, GI o x A 

21 EG, GI o A A 
SZ 0 A x 

AL 0 A x 

CR A x A 

22 EG, GI o A A 
23 EG, GI o x A 
24 EG, GI O X 0 

25 EG, GI o A A 
26 EG, GI o A A 
27 EG, GI @ O O 
28 EG, GI o x A 

29 EG, GI @ X A 
30 EG, GI @ O-A A 

SZ 0 A A 
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TABLE 3-continued 

Metal sheet performance 

Corrosion 
resistance 

Metal Flat Worked Coating 
No. sheet sheet section adhesion 

AL @ O-A A 
CR 0 A o 

31 EG, GI 6 X A 

32 EG, GI 6 A 6 

33 EG, GI @ A A 
34 EG, GI 6 A A 
35 EG, GI @ 6 6 
36 EG, GI 6 A A 
37 EG, GI 6 6 A 

3:; EG, GI @ A 6 
39 EG, GI @ O-A A 

sz @ O-A A 
AL @ O-A O-A 
CR 6 A A 

40 EG, GI 6 6 A 

41 EG, GI @ 6 6 
42 EG, GI @ ® 0 
43 EG, GI @ ® @ 

sz (9 ® 0 
AL (9 ® 0 
CR @ o o 

44 EG, GI @ (CD-6 6 
45 EG, GI @ 6 6 
46 EG, GI @ (CD-6 A 
47 EG, GI @ ® ® 
4:; EG, GI @ (CD-6 6 
49 EG, GI @ (CD-6 6 

SZ @ (9-0 0 
AL @ (9-0 0 
CR @ o o 

50 EG, GI (CD-6 6 6 
51 EG, GI @ 6 (9-0 
52 EG, GI @ (CD-O @ 
53 EG, GI @ @ (CD-O 
54 EG, GI @ ® ® 
55 EG, GI @ (CD-6 @ 
56 EG, GI @ ® ® 
57 EG, GI @ ® ® 
5:; EG, GI @ @ (CD-O 
59 EG, GI @ ® @ 

sz @ ® @ 
AL @ ® @ 
CR @ ® ® 

60 EG, GI @ @ (CD-O 
61 EG, GI @ 6 6 
62 EG, GI @-A @-A A 
63 EG, GI o o o-A 
64 EG, GI A @-A A 

Comp. Exs. 

65 EG, GI X X X 

66 EG, GI X X X 

67 EG, GI o o o 

68 EG, GI X X X 

69 EG, GI X-A A @ 
70 EG, GI X-A A @ 
71 EG, GI X-A A @ 
72 EG, GI 6 A @ 

sz 6 A @ 
AL 0 A 0 

CR 6 A @ 

Industrial Applicability 
As explained above, a treatment layer containing a rare 

earth metal complex and/or salt according to the invention 
minimizes the chemical interaction between the rare earth 
metal element in the complex and/or salt and the layer 
matrix components or other additives, thus making it pos 
sible to effectively bring out their original functions and to 
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exhibit performance comparable to that of layers containing 
hexavalent chromium. It thereby becomes possible to pro 
vide surface treated metal sheets and metal surface treatment 
solutions Which have performance comparable to chromate 
layers and drastically reduced environmental effects. 

Surface treated metal sheets of the invention are therefore 
useful for applications in automobiles, electrical appliances, 
building materials and the like. 
What is claimed is: 
1. A surface treated metal sheet characterized by being 

coated With a layer comprising, as main components, a 
complex and/or salt between a rare earth metal element and 
an organic compound having in the molecule at least one 
functional group selected from the group consisting of 
—0—, =0, —0H, —CO0H, —NH2, =NH, =N—, 
—SH, —S03H and phosphoric groups, and a matrix capable 
of physically holding said complex and/or salt and having 
adhesive poWer for metal sheets. 

2. A surface treated metal sheet according to claim 1, 
characterized in that the solubility of said complex and/or 
salt in Water at pH 6—7 is no greater than 0.01 mol/l based 
on the rare earth metal element. 

3. A surface treated metal sheet according to claim 2, 
characterized in that the solubility of said complex and/or 
salt in Water at pH 3 and beloW is at least 0.1 mol/l based on 
the rare earth metal element. 

4. A surface treated metal sheet according to claim 1, 
characterized in that said rare earth metal element is a 
lanthanoid and/or yttrium. 

5. A surface treated metal sheet according to claim 1, 
characterized in that said organic compound forming said 
complex and/or salt is an organic compound including in the 
molecule at least one basic functional group selected from 
the group consisting of —NH2, =NH and =N—, and at 
least one functional group selected from the group consist 

ing of —0—, =0, —SH, —0H, —CO0H, —S03H and 
phosphoric groups. 

6. A surface treated metal sheet according to claim 1, 
characterized in that the solubility of said organic compound 
forming said complex and/or salt in Water at pH 6—7 is no 
greater than 0.01 mol/l. 

7. A surface treated metal sheet according to claim 1, 
characterized in that said matrix is a resin. 

8. A surface treated metal sheet according to claim 1, 
characterized in that said matrix is ortho-phosphoric acid 
and/or polyphosphoric acid. 

9. A surface treated metal sheet according to claim 1, 
characterized in that said matrix is an oxyacid compound or 
hydrogen oxyacid compound of a rare earth metal element, 
or a mixture thereof. 

10. A surface treated metal sheet according to claim 9, 
characterized in that said matrix is a phosphoric acid com 
pound or hydrogen phosphoric acid compound of yttrium, 
lanthanum and/or cerium, or a mixture thereof. 

11. A surface treated metal sheet according to claim 1, 
characterized in that said matrix is an inorganic colloid. 

12. A metal surface treatment solution characterized by 
comprising, as main components, a complex and/or salt 
betWeen an organic compound having in the molecule at 
least one functional group selected from the group consist 
ing of —0—, =0, —0H, —CO0H, —NH2, =NH, 
=N—, —SH, —S03H and phosphoric groups and a rare 
earth metal element, and a layer matrix-forming component. 

13. A metal surface treatment solution according to claim 
12, characterized in that the solubility of said complex 
and/or salt in Water at pH 6—7 is no greater than 0.01 mol/l 
based on the rare earth metal element. 
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14. A metal surface treatment solution according to claim 
13, characterized in that the solubility of said complex 
and/or salt in Water at pH 3 and beloW is at least 0.1 mol/l 
based on the rare earth metal element. 

15. A metal surface treatment solution according to claim 
12, characteriZed in that said rare earth metal element is a 
lanthanoid and/or yttrium. 

16. A metal surface treatment solution according to claim 
12, characteriZed in that said organic compound forming 
said complex and/or salt is an organic compound including 
in the molecule at least one basic functional group selected 
from the group consisting of —NH2, =NH and =N—, and 
at least one functional group selected from the group con 

sisting of —O—, =0, —SH, —OH, —COOH, —SO3H 
and phosphoric groups. 

17. A metal surface treatment solution according to claim 
12, characteriZed in that the solubility of said organic 
compound forming said complex and/or salt in Water at pH 
6—7 is no greater than 0.01 mol/l. 
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18. A metal surface treatment solution according to claim 

12, characteriZed in that said matrix is a resin. 
19. A metal surface treatment solution according to claim 

12, characteriZed in that said matrix is ortho-phosphoric acid 
and/or polyphosphoric acid. 

20. A metal surface treatment solution according to claim 
12, characteriZed in that said matrix is an oxyacid compound 
or hydrogen oxyacid compound of a rare earth metal 
element, or a mixture thereof. 

21. A metal surface treatment solution according to claim 
20, characteriZed in that said matrix is a phosphoric acid 
compound or hydrogen phosphoric acid compound of 
yttrium, lanthanum and/or cerium, or a mixture thereof. 

22. A metal surface treatment solution according to claim 
12 above, characteriZed in that said matrix is an inorganic 
colloid. 


